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ABSTRACT

Introduction of the F-lac episome from Escherichis colf o
Pasteyrells pgeudotubercylosis yielded a strain of P. pseudo-
tuberculosis F-lgc that could transfer its genes by conjugation
to eurel]la pestis. The selected P. berculo marker
argininet was transferred at frequencies between 10°® snd 107
per donor cell. Unselected donor characters such as melibiose
or rhamnose fermentation, phage sensitivi. y, and urease production
appeared at different frequencies in the recombinants. The
transferred markers were unrelated to the transfer of F-lac or
its subsequent loss from the recipient cell.




Lo INTRODUCTION

Introduction of the FP~lac episome from Escherichia colj into
Pasteurells pseudotuberculosis established a gene transfer system
between P. pse ubercujosis F-lac and various auxotrophs of P, pseudo-

tuberculosis.” Since E. pseudotubercuiopis is closely related to
Pagteurells pestis, we investigated the possibility of extending the

F-lac - mediated gene transfer system to include P. pestis.

£1. MAIERIALS AND METHODS

A. BACTERIAL STRAINS

The donor strain of P. £ 32/1v F-lac cys, pur,
thi~ was described previously.® The recipient strain of P. pestis was
obtained as follows: (i) s methionine-, valine-, isoleucine-independent
1solate® was selected from the virulent Alexander strain; (1) after
treatment with ultraviclet irradiation, an arginine E- mutent was
obtained; (1{11) an f{solate resistant to 1000 ug of streptomycin sulfate
per ml was picked; (iv) a W antigen” cslcium requirement™® avirulent
colony vas isolsted. The final strain, lasbeled P. pegtis 370, required
cysteine (or thiosulfate), phenylalanine, and arginine for growth, was
streptomycin-resistant and pigmented, produced fraction I antigen snd
pesticin I, and had the same gross antigens, phage sensitivity, and
carbohydrate fermentation reactions as a classical strain of P. pestis.

B. MEDIA

Tryptic digest meat broth (TMB) or agar (TMA), Difco heart infusion
broth (HIB), and Difco blood agar base (BAB) were employed as complete
media. The basic minimal medium employed® was supplemented with the
following (final concentrations expressed in millimoles in parentheses):
cysteine (0.4); phenylalanine (0.5); methionine (0.2); valine (0.2);
isoleucine (0.5); glycine (1.0); and sodium metabisulfite (0.5).

C. ABBREVIATIONS

The following abbrevistions are used in this report: lac, lactose;
4%8, arginine; cys, cystsine; phe, phenylalanine; met, methionine;

ya}l, valine; isoleucine; gly, glycine; mel, melibiose; rha, rhamnose;
ure, urease; YS, sensitivity to a bacteriophsge originating as s
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host-range mutant of a phage culture on P. peptis, serially propngated on
P. ppeudotubercylogdis strain 32/1V; IJF, resistance to phage '1‘7' Smt,
sensitivity to 1000 ug of streptomycin sulfate per ml; pig stb  forming
a large light-brem rolony on hemin sgar® characteristic of P. pseudo-
tuberculesip in contrast to the co-pm.t, dark-brewm coloniu formed

by B. pestis; pes I, pesticin I;® £ib, fibrinolysin.®

D. MATING PROCEDURE

Essentfally, the recipient strain was spread on a minimal agar medium
selective for argt recombinants, and, after ultraviolet irradiation, the
donor strain was spread over the recipient lawn. Details of the mating
procedure are described in previous publication.’

11L. _RESULIS

A. GENRE TRANSFER

The frequency of arg' tukufet £rom B. pseydotuberculosis F-lac to
P. pestis 370 ranged from 10°° to 10~7 per donor cell, which was " about

tvo logs less than we had observed for the transfer of four different
markers between P. pseudotuberculosis strains.? This low frequency,
resulting in only § to 350 recombinant colonies on the selective plates,
was workable because of the complete absence of donor or recipient
reversions on control plates.

Selection for cyst or phe' recombinants yielded no colories.

B. EFFECT OF MEDIUM ON MATING

Although the recipient strain was ¢ys~ phe~ arg", no argt recombinants
appeared in a minimal agar medium containing only cys and phe. The addition
of met, ya]l, Lle, and gly (the typical growth requirements of P. pegtis)
apparently was necessary for mating. The grg* recombinants grew well on
minimal agar containing only cys and phe.

As ve had observed wtth the P, pseudotuberculosis X P. pseudo-
tuberculosis mating system,! no recombinants resulted from broth matings.




C. ANALYSIS OF UNSELECTED MAKKERS

Although P. pseudotubercylosis and P. pestis sre aimilar, several

easily measured properties can be used to distinguish the two species.
Our donor strain of P. pgeudotyberculosis vas arg*, mel*, $IV®, rha',
uret, TIT. noP8th  sms pes [~ £1¥-, phet; ibe recipient strain of

P. pestis was the opposite for these characters. Analysis of 118
recombinants, obtained from six scparate experiments, revealed that
melt, and $IV® were transferred st frequencies of 39% and 5%, rhat and
ure" were transferred at a frequency of approx 1%, and none of the other
donor markers were detected i{n the recombinants (Table 1).

TABLE 1. ANALYSIS OF ar;+ RECOMBINANTS FOB UNSELECTED MARKERS

Analysis of 118 P. pestis
P. pseudotuberculosis Donor Characters Recombinanted
argt  melt  AIVS rhat  uret No. %

+ - - . - 62 52.5
+ + - . . 46 39.0

+ + 4+ - - 6 5.1

+ + + + . 1 0.85 '
+ + - + - 1 0.85

+ - - + - 1 0.85

+ + - - + 1 0.85

a. Obtained from six separate experiments.

D. F-JAC TRANSFER

Twelve of the 118 recombinants were h_g“', segregating lac” clones at
different frequencies. The lgct marker was distributed at randvm among
the recombinant classes and loss of the ]_n_c"’ marker did not change sny
other character,

E. BASE COMPOSITION

The T, of DNA’ extracted from the donor strain of P. pseudotuberculosis
was 88.5 & (46.8% G + C). The Ty of P. pestis 370 measured at the same
time was 88.4 C (46.62, G + C).




LY. DISCUSSION

The date presented indicate that the episome F-lac can promote chromesome
transfer bctweeu . psevdotuberculosis and P. pestis similar to that mediated
by F-lsac in E. c0l14.® The frequency of transfer observed so far is low
(10°° per donor cell) and only g£g+ has been used successfully as a selected
marker. The detection of four unselected donor characters in the argt
recombinants in decreasing frequencies can be interpreted in terms of classical
chromosome transfer.

The conversion of P. pestis to P. pge erculosis has been reported
by several Soviet {nvestigators (reviewed by Pollitzer ), but never with
genetically marked strains, and the experiments described have not dispelled
all doubt. If this conversion occurs, it might be expected that the
distinguishing properties between the two species would be controlled by
a single gene locua, BSuccessful gene transfer of one of these properties,
e.g. ggl*, should be correlated with the transfer of other properties such as
£§£+ and yret. The fact that these properties are not jointly transferred
(Table 1) suggests that the main properties distinguishing P. pestis and

P. pseudotuberc::10sis are not controlled by the same gene locus.

Investigation of the genetics of virulence requires a reproducible
disease syndrome plus a gene transfer system. Plague can be cousidered
a "model" acute disease because the human symptoms occur in common laboratory
animals sfter injection of a few microorgamisms. The etiolcgical agent,
P. pegtis, has been the subject of extensive research and a §reat deal is
known about virulence factors and immunity in this pathogen.®-®! The
extension of a gene transfer system to include P. pestis should lead to a
resolution of some of the precbléms concerning virulence in this pathogen
and eventually contribute toward a better understanding of viruvlence at the
genetic level.
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